Charge carriers in low-doped semiconductors may distort the atomic lattice around them and through this interaction form so-called small polarons separation between nominal Mn 3+ and Mn 4+ ions is found to be of the order of 0.2-0.4e for half-doped manganites 16, 18 .) The Jahn-Teller effect and orbital ordering of the e g charge induces a characteristic distortion with a superlattice peak at a wavevector 
. Investigating how polaronic features survive in the metallic phase, here we report the results of inelastic neutron scattering measurements showing that inside the metallic phase polarons remain as fluctuations that strongly broaden and soften certain phonons near the wavevectors where the charge-order peaks appeared in the insulating phase. Our findings imply that polaronic signatures in metals may generally come from a competing insulating charge-ordered phase. Our findings are highly relevant to cuprate superconductors with both a pseudogap 11, 12 and a similar phonon effect associated with a competing stripe order 13 . The competition between a ferromagnetic metallic and paramagnetic insulating phase is behind the famous colossal magnetoresistance (CMR) phenomenon in manganite perovskites such as the quasicubic La 1−x Ca x MnO 3 and its bilayer counterpart La 2−2x Sr 1+2x Mn 2 O 7 . CMR occurs close to a metal-insulator transition temperature, T c , when applied magnetic field, which favours the ferromagnetic metallic phase, raises T c . This phase competition appears owing to a natural coupling between magnetism and orbital ordering as Goodenough 14 demonstrated in the 1950s in LaMnO 3 . In simple terms, the e g orbitals of Jahn-Teller active Mn 3+ form a staggered arrangement with the ferromagnetic exchange in MnO 2 layers and antiferromagnetic interplanar coupling. Doping this orbitally ordered Mott insulator with x holes leads to other arrangements where orbital, charge and spin order strongly interact. One such example is the charge and orbitally ordered insulator (known as CE type 15 separation between nominal Mn 3+ and Mn 4+ ions is found to be of the order of 0.2-0.4e for half-doped manganites 16, 18 .) The Jahn-Teller effect and orbital ordering of the e g charge induces a characteristic distortion with a superlattice peak at a wavevector elevated temperatures where 15-Å clusters of CE order 3 mingle with charge-delocalized clusters 20 as clearly visible diffuse elastic or quasielastic diffraction peaks in the vicinity of q CE (ref.
3). (It is important to note that diffuse scattering from lattice polarons represents the correlated atomic displacements due to charge localization and is different from the scattering that arises from single polarons (uncorrelated single charges) 21 .) Below T c , ferromagnetic fluctuations quickly melt the local CE correlations 3, 18 . Instability of these polarons in the presence of ferromagnetism and applied magnetic field leads to CMR close to T c . This ferromagnetic metal has poor conductivity and a small carrier scattering length 9 . Whereas the disappearance of the polaronic scattering below T c was thought to mark the onset of a conventional double-exchange metallic ground state, recent photoemission measurements of the bilayer manganite La 2−2x Sr 1+2x Mn 2 O 7 with x = 0.4 (ref. 7) show an unconventional pseudogap in many respects similar to features predicted to arise from single polarons 22, 23 . These results seem to imply a coexistence between polarons and metallic electrical resistivity, which defines a polaronic metal. Its nature remains enigmatic. We present results of inelastic neutron scattering measurements suggesting that polaronic effects in the bilayer manganites are dominated by strong fluctuations that mimic the extended lattice distortions of the CE type that emerge above T c . Their experimental signature is phonon broadening and softening at the wavevectors where diffuse scattering due to short-range CE order appears above T c . Our findings show that the polaronic degrees of freedom dominate the properties of the ferromagnetic metallic phase of this CMR manganite and reveal that in the strong coupling limit a polaronic metal is a viable ground state.
We focused on the Mn-O bond-stretching phonon branches dispersing in the [110] direction in the bilayer CMR compound, (Fig. 1a) . Lattice distortions in the CE polaronic state have the ordering wavevector q CE = (1/4,−1/4,0) (Fig. 1b) . The lattice deformation around the nominal Mn 3+ site (indicated by the occupied e g orbital) corresponds to a part of the eigenvector of the transverse phonon (Fig. 1c) , whereas the deformation around the nominal Mn 4+ site corresponds to a part of the eigenvector of the longitudinal one (Fig. 1d) . This partial matching provides a natural mechanism of strong coupling between fluctuating CE distortions and both the transverse and the longitudinal phonons at the same wavevector.
In contrast, in the commonly studied '113' quasicubic compounds such as La 0.7 Sr 0.3 MnO 3 , tilted octahedra result in extra bond-bending branches folded in from different parts of the Brillouin zone. These mix with the stretching vibrations away from the zone centre 24, 25 , prohibiting the study of pure bond-stretching modes. Previous studies of quasicubic manganites have not been able to link very strong temperature-induced changes in phonon intensities 26, 27 with specific charge or orbital fluctuations. Thus, the bilayer manganites are ideal for investigating dispersions of bond-stretching modes.
Our sample was a high-quality 0.5 cm 3 single crystal of La 1.2 Sr 1.8 Mn 2 O 7 with the ferromagnetic metallic transition temperature measured at 115 K. The experiments were carried out on the 1 T triple-axis spectrometer at the ORPHEE reactor, using doubly focusing Cu220 monochromator and PG002 analyser crystals. The final energies were fixed at 30.5 meV or 35 meV. The components (Q x , Q y , 0) are expressed in reciprocal lattice units (r.l.u.) (1 r.l.u. = 2π/a, a = 3.88 Å). Measurements were carried out in the constant-momentum-transfer Q mode, Q = τ + q, and τ is a reciprocal lattice point. The longitudinal/transverse branch was measured at q = (−h,−h,0)/(−h,+h,0) (0 ≤ h ≤ 0.5) respectively.
Small bond-stretching phonon structure factors were overcome by careful selection of the experimental conditions, coverage of two Brillouin zones and very long counting times of as much as 1 h per point at 10 K and 2 h at 150 K. We assigned the observed phonon peaks by comparing our results both to shell model predictions and to the previous measurements of layered The shell model has been developed for the cuprates and has already been successfully applied to a cubic manganite 24 . It predicts phonon dispersions reasonably well with the notable exception of the longitudinal bond-stretching branch. This is also true for the bilayer manganites. Further special force constants can adjust calculated dispersions of the stretching branches to agree with the measured ones. After the adjustment, the model makes good qualitative predictions of phonon eigenvectors, and, therefore, intensities, which we had used to identify bond-bending and bond-stretching peaks (Fig. 2) . The peak assignment procedure and background determination are described in detail in the Supplementary Information. The resolution function was calculated for our experimental set-up and folded with the dispersions of the bond-stretching branches to obtain the intrinsic phonon linewidths shown in Fig. 3c,d . Figure 2 shows representative scans between 40 and 80 meV measured deep inside the ferromagnetic metallic phase (at 10 K) in the Brillouin zone adjacent to τ = (3,3,0) . The zone-centre bondstretching vibration at Q = (3,3,0) is at 73 meV (Fig. 2a) . There is no peak corresponding to the 43 meV bond-bending vibration in Fig. 2a because its structure factor is zero. We measured its dispersion around Q = (4,4,0) where its structure factor is strong. Another bond-bending peak, at 33 meV, is just below the energy range of Fig. 2a (see Supplementary Information for details) .
The transverse bond-stretching branch direction disperses steeply downwards along (h, −h, 0) and the transverse bending branches disperse gradually upwards. They do not overlap until h = 0.4, enabling a study of pure bond-stretching modes at (0 ≤ h ≤ 0.35). They can be traced as a high-energy shoulder of the much stronger bending modes further towards the zone boundary (h = 0.5).
The longitudinal bond-stretching branch disperses downwards along (h,h,0), whereas the higher-energy bending mode disperses sharply upwards with an anticrossing near h = 0.3. However, the LETTERS structure factor for this bending mode remains near zero in the Q = (3, 3, 0) Brillouin zone up to close to the zone boundary (h = 0.5); thus, the observed intensity unambiguously comes from the stretching mode at (0 ≤ h ≤ 0.4) (see Supplementary  Information for details) .
Both the transverse and longitudinal stretching branches dip sharply and have a linewidth maximum (shortest lifetime) near q CE (Fig. 3) , which indicates strong electron-phonon coupling deep in the metallic state. In La 1.2 Sr 1.8 Mn 2 O 7 , q CE corresponds to the maximum of the diffuse scattering at 128 K (Fig. 3c,d ) due to static (frozen) short-range CE order 18 . This observation highlights the close relationship between the polaronic insulating phase and the phonon renormalization in the metallic phase. The q-width of the phonon broadening is larger than that of the elastic peak. It corresponds to a correlation length of 2-3 unit cells compared with 4 unit cells in the insulating phase.
This phonon anomaly is absent from the equivalent branches in the cuprates 28 . It also seems to be absent from the quasicubic La 0.7 Sr 0.3 MnO 3 where the downward dispersion of the transverse branch was reported to continue to lower energies at low temperatures 24 . This difference may be explained by the fact that CE order does not appear in this system in the paramagnetic state and that the continual softening towards the zone boundary may result from interaction with uncorrelated small polarons.
The longitudinal branch disperses downwards (Fig. 3b) , whereas the shell model suggests an upward dispersion. This discrepancy is similar to overdoped La 1.7 Sr 0.3 CuO 4 and the overall downward dispersion most probably reflects metallic behaviour as opposed to an exotic effect 28 . Where the difference between La 1.2 Sr 1.8 Mn 2 O 7 and the cuprates is pronounced, is near q CE : in the former there is a sharp dispersion dip, accompanied by linewidth broadening, whereas in the latter it follows a cosine dispersion with a roughly constant linewidth.
We now discuss what happens above T c when the static short-range CE order appears. Much longer counting times are required here because static distortions suppress coherent phonon intensities by almost a factor of 2 and the background increases by a factor of 1.5. For this reason, we measured only one wavevector at Q = (2.75, 3.25, 0) at 150 K, well above the static polaronordering temperature. Figure 4 shows the background-subtracted phonon spectra at Q = (2.75,3.25,0) measured at 10 and 150 K. As the contribution of the lower-energy phonons cannot be satisfactorily evaluated, we fitted the data with a single Gaussian above 56 meV. In this energy range, the observed intensity is of pure bond-stretching character (as follows from Fig. 2d) . We see no indication of anharmonic broadening and softening usually expected at increased temperatures as the amplitude of atomic motion increases.
Broadening due to static disorder is expected to increase above T c owing to the formation of CE polarons. As such an increase does not occur for the bond-stretching phonons, their broadening and softening at low temperatures must be of electronic origin. We note that this behaviour is in contrast with the bond-bending phonon at 43 meV, which does broaden above T c (see Supplementary Fig. S3 ). The question, whether the temperature dependence in Fig. 4 originates from the increased availability of electronic states in the low-temperature phase or from the enhanced charge-phonon coupling, cannot be answered at this point.
We conclude that phonon renormalization in the [110] direction is dominated by a fluctuation of CE type, which we assign to CE dynamic polarons. This fluctuation exists below T c and then condenses into the static or quasistatic order 18 at the metal-insulator transition. This novel phenomenon is unusual, because polaron fluctuations have been observed at T < 0.1 T c and therefore do not appear to be associated with the critical behaviour near the phase transition. The polaron fluctuation around q CE = (1/4,−1/4,0) may be related to the strong nesting of the Fermi surface 1 near the same wavevector 7, 8 . More work is necessary to clarify the association between these two phenomena.
Our measurements offer the defining characteristics of a polaronic metal 7 . It combines quasiparticles that exist over a small portion of the Fermi surface with CE-type modes inherited from the polaronic insulator above T c , which strongly renormalize certain phonons. Furthermore, charge transport below T c is dominated by coherent polarons with overlapping wavefunctions, in contrast to the classical single polarons found at small carrier concentrations. Indeed, above T c such overlap leads to static local CE order. One cannot avoid the striking similarities between the [110] direction in this manganite and the [100] direction in the superconducting cuprates where charge fluctuations in the form of stripes seem to induce a similar phonon renormalization. It is intriguing that real and imaginary parts of the low-temperature phonon self-energies in the cuprates at q ≈ (1/4, 0, 0) and in the manganites at q ≈ (1/4, 1/4, 0) are very close. This similarity indicates that dynamic charge stripes in the cuprates are somehow analogous to the fluctuating checkerboard-like CE polarons in the manganites. Exploring this connection will no doubt shed light on many unresolved questions for both classes of compounds where pseudogap-like phases have a critical role.
